> > IntroductIon
In spite of new technological developments, there is significant progress to be made in making digital communication a solution that contributes to improved health outcomes rather than a problem that complicates the health delivery process (Kreps, 2014) . Patient portals, that is, secure online websites that give patients 24-hour access to personal health information (HealthIT. gov, 2014) , are a strategy to improve quality of care. Benefits of portals include the ability for clinicians to document important aspects of the examination and make lab results immediately available to be reviewed privately by patients. Generally, portals are helpful, but their impact has not been as profound as anticipated (Clamp & Keen, 2007) . Properly using electronic health tools requires that patients possess skills such as computer literacy, health literacy, and the ability to perform numerical tasks (Norman & Skinner, 2006b) . As people increasingly gain access to health information through the Internet or patient portals, the complexity of this information is often such that it is inaccessible to those with inadequate literacy levels (Bodie & Dutta, 2008) .
This study applied the Centers for Disease Control and Prevention's (CDC) Clear Communication Index, a research-based tool that assesses communication materials, to a portal designed to help patients better understand their prevention and chronic care needs, called MyPreventiveCare (Krist et al., 2014) . This innovative patient portal was developed to extend care beyond the clinical encounter by explaining technical information in understandable language and to help patients take action, especially for preventive screenings (Krist & Woolf, 2011) . The portal is currently used by more than 80,000 patients in 12 primary care practices, and as it continues to demonstrate positive patient outcomes, it will be extended to an additional 300 practices in 15 states through a series of research grants.
Using the Clear Communication Index, the objective of this study was to measure the content of the test portal and its referenced websites' use of clear communication.
Findings will help determine best practices for creating content suitable for patients of all health literacy levels, inform modifications to improve the Index, and build on previous literature regarding the importance of using plain language in digital health environments.
> > LItErAturE rEVIEw

Health Literacy
Communication can be thought of as "the central social process in the provision of health care delivery and the promotion of public health" (Kreps, Bonaguro, & Query, 2003, p. 12) . Breakdowns in communication include difficulty understanding general explanations or instructions provided by a physician, which is experienced by one third of the American population (Polack, Richmond, & McCroskey, 2008) . The issue, otherwise known as health literacy, is defined as "the degree to which an individual has the capacity to obtain, communicate, process, and understand health information and services in order to make appropriate health decisions" (Patient Protection and Affordable Care Act, 2010, p. 501) .
Frequent use of complicated medical jargon makes it problematic for patients with low health literacy to comprehend physician instructions (Castro, Wilson, Wang, & Schillinger, 2007) and leads to patient confusion and disengagement (Kreps & Neuhauser, 2013) . The inability to comprehend clinician instructions or interpret data is a significant issue because only 12% of adults are considered to have proficient health literacy (Kutner, Greenburg, Jin, & Paulsen, 2006) . Low health literacy is not only associated with limited health vocabulary but also affects individuals' understanding of health concepts and treatment options (Davis, Williams, Marin, Parker, & Glass, 2002) . Furthermore, low health literacy is associated with increased hospitalizations, greater use of emergency care, lower receipt of screening and vaccination, and poorer overall health and higher mortality (Berkman, Sheridan, Donahue, Halpern, & Crotty, 2011) . eHealth and Health Literacy. A method for improving health literacy is eHealth, "the use of emerging information and communication technology, especially the Internet, to improve or enable health and health care" (Eng, 2001, p. 1) . One particular eHealth platform is patient portals, which are an evolution of electronic health records that fulfill patient desires for health information, while still under the clinicians' control (Simborg, Detmer, & Berner, 2013) . Portals provide a continuous connection between patient and physician, which can expedite the communication process when problems arise (Tang, Ash, Bates, Overhage, & Sands, 2006) . However, portals also require that users are able to understand complex information, have access to computers, and can perform the necessary functionalities to acquire and manipulate data (Sharit et al., 2014) . Those issues relate to eHealth literacy, which is the ability to find, understand and apply knowledge from digital sources to address a health problem (Norman & Skinner, 2006b ). As a result, patients with low health literacy are less likely to view laboratory results, send e-mails to providers, and make medical appointments using a portal (Sarkar et al., 2011) .
Health literacy may be an obstacle to patient portals fully maximizing their potential (Monkman & Kushniruk, 2013) . Similar to online health information seeking, in which individuals with low health literacy often have self-efficacy barriers (Shieh, Mays, McDaniel, & Yu, 2009) , portals face several impediments. For example, one study that analyzed a particular portal, HealthSpace, found that it failed to empower patients, provide higher quality data, or improve health literacy due to poor ease of use and difficulty accessing data (Greenhalgh, Hinder, Stramer, Bratan, & Russell, 2010) . Since the portal did not align with patients' attitudes and informational needs, adoption was unlikely (Greenhalgh et al., 2010) . Other studies have found that a major barrier for patients using portals was understanding and interpreting lab results (Cimino, Patel, & Kushniruk, 2002) and medical reports (Segall et al., 2011) . However, the very same portal used in the current study helped improve rates of colorectal, breast, and cervical cancer screenings (Krist et al., 2012) . Moreover, nearly double the amount of portal users were up-to-date on all preventive services compared with nonusers (Krist et al., 2012) . Improving patient outcomes occurred by incorporating the portal's design with patient-centered principles, such as consideration of the patient's desire for information and shared decision making (Stewart, 2001 ). This was achieved through the use of lay language, tailored recommendations, and educational resources.
Plain Language. Another approach to addressing health literacy issues is the use of plain language, or "communications that engage and are accessible to the intended audience" (Stableford & Mettger, 2007, p. 75) . For text-based information, plain language includes the use of evidence-based standards in writing and design to create user-friendly content (Stableford & Mettger, 2007) . Plain language has been advocated in health (Stableford & Mettger, 2007) ; however, adoption has been slow since the health care industry is considered among the least effective communicators due to not using accessible and clear language (Watson Wyatt Worldwide, 2006) . Incorporating plain language is extremely important because one out of five Americans reads at the fifth grade level or below, yet most health care materials are written at the 10th grade level (Pointof-Care-Partners, 2012). Implementing plain language consists of (1) organizing information so that the most important points are listed first, (2) breaking complex information into small chunks that can be easily understood, and (3) avoiding technical terms (Point-of-CarePartners, 2012).
CDC's Clear Communication Index
To assist in the development of clear communication that utilizes plain language, the CDC designed a tool that provides a set of evidence-based criteria to assess public communication for diverse audiences (Baur & Prue, 2014) . The Index complies with the Plain Writing Act of 2010, requiring that governmental communication is clear to the public (Plain Writing Act, 2010), and supports the efforts of the National Action Plan to Improve Health Literacy (U.S. Department of Health and Human Services, 2010), which aims to improve health, longevity, and quality of life by delivering health services in ways that are easy to understand. Thus far there is limited application of the Index, but pilot studies have demonstrated its ability to enhance public health information (Atkins, 2015; Prue, 2015) , and when materials were revised based on the Index, they were more easily understood (Baur & Prue, 2014) . The Index is constructed of four main categories used for assessment: Core, Behavioral Recommendations, Numbers, and Risk (Baur & Prue, 2014 The test portal used in this study has previously demonstrated effectiveness in improving preventive care screenings, but using the CDC's Clear Communication Index will gauge the clarity of its content. Since the portal uses information from widely used and respected noncommercial federal and organizational health entities, measuring the content it provides will test the Index as a viable tool for assessing the clarity of health information. (Baur & Prue, 2014) . Each question receives a score of 1 or 0, depending on if the criteria was or was not present. The highest score that can be received is 20/20. Total scores are then converted to a scale of 100. A score of 90% or higher is considered excellent. A score of 89% or below indicates that the material may need to be revised to make it clearer for the priority audience.
Research Questions
Analytical Process
The patient portal selected provides personalized prevention and educational materials, as well as tailored content from HealthFinder.org, a credible online health information resource guided by expert advisors. It also links patients, based on their profile, to a range of existing educational material from noncommercial federal (e.g., CDC, National Cancer Institute) and organizational entities (e.g., American Diabetes Association, Mayo Clinic). Many patient portals similarly use and link patients to existing resources, making MyPreventiveCare a good test case for this study.
A total of 37 internal and external portal web pages were selected from the portal's three main sections (Preventive Care You Need Now, Your Labs, Other Preventive Care) based on patient analytics of the most frequently clicked pages from previous months. Content included a wide variety of medical topics, from the flu shot to cancer screenings. Each web page was evaluated using the CDC's Clear Communication Index; 17 pages were internal content, written by providers and administrators of the portal, and 20 pages were recommended links to external content posted by providers to websites such as Cancer.gov, Heart.org, and CDC.gov. First, two coauthors discussed the way in which they perceived content as it related to the scoring index. For instance, the "Exercise" page on the portal was jointly reviewed and aspects such as use of the active voice were discussed, to ensure content was evaluated equally. Next, a third of the links were evaluated by both coders separately to establish intercoder reliability (Wimmer & Dominick, 2013) . The coauthors then discussed the differences in scores and determined why variations were occurring. If there was more than a 2-point difference in any of the four variables, the entire score sheet was independently recoded by both researchers. Intercoder reliability was tested using ReCAl2 (Freelon, 2010) (Keyton, 2006) . The remaining links were split between the coauthors and individually scored.
> > rESuLtS
The average score of all 37 internal and external web pages evaluated was 72%; internal portal pages scored 75% and external pages scored 69%. A full summary containing scores for each page can be found in Table 1 .
Research Question 1: Does the Portal's Internal Content Meet the Acceptable Levels of the CDC's Clear Communication Index?
Two pages scored above 90%; the "Exercise" page (94%) and "Get a Pneumonia Shot" page (93%; Figure 1) . The "Exercise" page lost only 1 point for not including the opinions of subject matter experts. It excelled in having the most important information at the top of the page, like examples of activities (gardening, jogging) and how long an individual should exercise. The page also had a very clear, universal message stating the importance of exercise. In addition, benefits were discussed, such as "Physical activity increases your chances of living longer and keeps you healthier." An image of a man playing basketball reinforced the overall message. Similarly, the "Get a Pneumonia Shot" page lost only 1 point for not including authoritative sources or the opinions of subject matter experts. Like the "Exercise" page, information found on the "Get a Pneumonia Shot" page presented recommendations in plain language and used bulleted lists so as to not overwhelm the patient.
The other 15 portal pages scored under 90%, although only 4 pages scored below 70%. Overall, the Numbers category (Part C) was rated the lowest, receiving an average score of 1 out of 3 because numbers were not thoroughly explained. For instance, on the "Blood Pressure" page, an explanation of the measure 120/80 was not provided.
Core (Part A) scored favorably, averaging 9 out of 11 points, mostly due to the portal's simple design layout. The portal frequently employed the use of bulleted lists instead of using large chunks of text. In addition, easily understandable language was used and almost every page had a friendly graphic associated with the content. However, this section consistently lost a point by not stating the source of the content provided or what was still unknown about a particular condition or recommendation.
Behavioral Recommendations (Part B) averaged 2 out of 3 points but unsuccessfully explained recommended behaviors. For example, the "Diabetes" page offered recommendations like "Eat healthy," but that general statement can be interpreted differently according to different patients. In another instance, the "Blood Pressure" page recommended that patients limit salt and alcohol intake. This recommendation is not specific and leaves it to the patient to determine how much salt and alcohol is too much. Furthermore, on the "PSA Test" page, the recommendations state that the patient may not need further testing but the rationale is not explained.
The last category, Risk (Part D), emphasized the benefits of treatments, but potential drawbacks were mostly lacking. The closest the portal came to addressing risks was on the "Pneumonia Shot" page, where side effects were provided in the following statement: "The pneumonia shot is very safe although some people may have redness or pain where the shot is given." More detailed information could be provided, given the public's suspicion of vaccinations. Similarly, very little information about patient concerns and risks was provided on the "Mammogram" page. A summary of each category's score can be found in Table 2 .
Research Question 2: Does the Portal's Links to External Content Meet the Acceptable Levels of the CDC's Clear Communication Index?
The most popular noncommercial federal link within the portal was to the CDC, followed by the National Institutes of Health, National Cancer Institute, and smokefree.gov. The most frequently linked organizational website was the American Heart Association, followed by the U.S. Preventive Services Taskforce and Mayo Clinic. A summary of all external links can be seen in Table 3 .
Out of the 20 external links analyzed, only two web pages received scores of 90% or greater: Food and Drug Administration's "Nutrition Label" page and National Institutes of Health's "Diabetes" page. All seven of the CDC's pages analyzed were below 90%. The lowest scoring page, which received 19%, was the CDC's "Pneumonia Vaccines" page ( Figure 2) .
The Food and Drug Administration Nutrition Label page featured several images, including analysis of each section of the nutritional label with simple explanations. Also, numerical calculations about benefits and risks of calories, fat, and nutrients were all provided in plain language. Another top performer, beTobaccoFree, had a very clear primary message (e.g., [smoking] can harm nearly every organ of the body) and used the active voice (e.g., "Every cigarette NOTE: FDA = Food and Drug Administration; NIH = National Institutes of Health; CDC = Centers for Disease Control and Prevention; AHA = American Heart Association; PSA = prostate-specific antigen.
you smoke damages your breathing and scars your lungs"). Breaking down external links by category, Core (Part A) received an average of 7 out of 11 points because web pages rarely contained imagery. For the most part, paragraphs of text appeared that were not bulleted or separated with headings. In addition, a major flaw of commercial websites was requiring the user to click for more information instead of having the main message appear at once. Behavioral Recommendations (Part B) and Numbers (Part C) scored equally to the portal. Most external links contained general recommendations, and numbers were often not explained. Risk (Part D) rarely contained balanced information and instead focused solely on either benefits or risks. A summary of each category's score can be found in Table 4 . 
> > dIScuSSIon
As patient portal utilization continues to increase by patients and clinicians, it is essential that they present reliable and comprehensive health information, in a clear and straightforward manner. Portals allow patients to view and interpret medical data in their homes, away from providers (Ralston, Revere, Robins, & Goldberg, 2004) , increasing the importance of information conveyed at appropriate health literacy levels. A similar awareness is needed for health information on the Internet, resulting in modifications that make content more understandable.
Findings from this study revealed that the CDC's Clear Communication Index may be a useful tool in identifying areas of unclear communication in a patient portal and referenced health websites. The Index revealed that communicating Numbers (Part C) and Risk (Part D) was most troublesome. Previous studies have indicated that even readers with strong literacy skills can have difficulty using quantitative information (Rothman et al., 2006) . Therefore, results should be used to evaluate and revise existing health communication materials and develop new resources. However, formative research and retesting of materials should still be conducted to ensure that the right messaging and communication channels are applied (Baur & Prue, 2014) . In addition to using the Index, content evaluation through focus groups, interviews, and surveys should be considered as well as the use of other literacy tools, like eHEALS (Norman & Skinner, 2006a) and Rapid Estimate of Adult Literacy in Medicine (Davis et al., 1991) .
The Index was originally developed to address content for large priority populations. In contrast, patient portals are focused on one-to-one patient-clinician communication and follow algorithms to allow for personalization of materials. Considerations such as diverse cultural beliefs, health literacy, language barriers, and computer literacy are not addressed by the Index but need to be considered when developing content for a patient portal given the broad priority populations. Additionally, disparities in patient portal use due to factors such as educational attainment and race/ethnicity are still significant, increasing the importance of evaluation and participatory design (Kreps & Neuhauser, 2010) .
One of the challenges of measuring a patient portal with a tool like the Index is that portals often link to external websites, as evaluated in this study. This is particularly important because most adults in the United States (72%) use the Internet for health information (Fox & Duggan, 2013) , but little is known about the quality and readability of the health content found on commercial, nonprofit, and governmental websites. Of the few studies that have assessed health content, it was found that among 125 sampled websites, 92% of government websites, 92% of commercial websites, and 84% of nonprofit websites (.org) required reading comprehension capabilities higher than the eighth grade and nearly 30% required a college education to comprehend health-related information (Becker, 2004) . Similarly, websites containing cancer information were considered "difficult" and had readability scores higher than grade 12 (Friedman, Hoffman-Goetz, & Arocha, 2006) . Findings from the current study demonstrate that freely available health information disseminated by well-known and respected organizations should be further scrutinized for health literacy considerations.
Implications
To support eHealth literacy and tailoring eHealth applications to appropriate health literacy levels, reliable, valid, and convenient instruments are needed (Miller & West, 2009 ). The CDC's Clear Communication Index has the potential to improve health communication materials, but greater focus needs to be placed on the manner in which materials are presented by clinicians and content creators. Patient portals allow the opportunity for innovative methods of information transfer, such as the use of graphics and video and audio clips to enhance the understandability and impact of health messages (Kreps & Neuhauser, 2010) . For instance, when medical reading materials used instructional graphics, comprehension improved among poor readers (Davis et al., 2002) . New technologies, like patient portals, should be evaluated using the CDC's Clear Communication Index and take the lead in prioritizing health literacy to ensure that health information is presented clearly. 
Conclusion
The CDC's Clear Communication Index is sufficient for developing and revising health information found on portals and websites to ensure that simplified language and limited text is used to make interpretation clearer, contributing to improved health literacy. With portals becoming more widely implemented by medical practices, it is necessary that they are designed to function as valuable health communication tools appropriate for all patients.
Limitations. A limitation to this study was the lack of comparisons across other patient portals. MyPreventiveCare may have distinct advantages with regard to health literacy compared to other platforms. Contrasting the differences between systems may have distinguished the various ways that systems are used depending on the context. In addition, scoring was guided by criteria outlined by the CDC's Clear Communication Index. Several categories were left to the interpretation of the researchers since the Index did not explicitly state the nuances found when reviewing the website.
Direction for Future Studies. Future research should follow up the current study to determine differences in scores between the original portal and the revised portal. Additionally, further research should analyze perceptions of the content developed for patient portals based on the Index and whether it has the ability to enhance patient-clinician communication and positively affect health behaviors.
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